ABSTRACT
INTRODUCTION
The vast majority of giant cell tumours (GCTs) of bone tend to be peri-articular, with the distal femur and the proximal tibia accounting for over 50% (1) . The next most common location is the distal radius. The lesions are epimetaphyseal in geographic location and thus offer management challenges due to their close association with articular surfaces. There remains no consensus as it relates to the management of this pathology. Various treatment options have been employed, ranging from the jointpreserving option of intralesional curettage to the more radical procedure of en bloc excision. Joint-preserving options offer a better quality of life and are associated with less morbidity than radical excision (2) . For this reason, most surgeons prefer this option, but recurrence rates tend to be higher (2) . To decrease the recurrence rate, intralesional curettage is often combined with adjuncts to increase the kill zone ie extended curettage.
Polymethyl methacrylate (PMMA) is most often employed as an adjunct with intralesional curettage because it also provides structural support (3). However, when PMMA is used in closed proximity to articular cartilage, there is the risk of inadvertent damage to the articular cartilage (4) . The Sandwich technique provides a method of safeguarding against this by providing an insulating layer between the PMMA and the articular cartilage (5).
CaSe RePORT
An otherwise healthy 16-year-old male presented to the outpatient Department of Orthopaedic Surgery, Kingston Public Hospital, Jamaica, with a three-month history of insidious onset of pain in the left knee. The pain had worsened over the three weeks prior to presentation, causing him to seek medical attention. His pain was initially severe at nights but then worsened with ambulation. He had no constitutional symptoms nor did he have a history of trauma. Examination findings were only significant for a left knee effusion, a 20 degrees flexion contracture with a range of motion of 20-120 degrees. Plain radiographs of the left knee revealed an eccentrically located 5 x 5 cm lytic epimetaphyseal lesion to his proximal left tibia with absence of a surrounding rim of sclerosis and a narrow transition zone (Fig. 1) .
Magnetic resonance imaging and computed tomography scan of the left knee were ordered. The latter revealed extensive infiltration to the subchondral area. No mineralization, cortical breaches nor periosteal reactions were visualized (Fig. 2) . Magnetic resonance imaging revealed a well-defined mass with intermediate signal intensity on T1 and a mixture of intermediate and high signal intensity on T2 weighted images (Figs. 3, 4) . A presumptive diagnosis of a GCT of bone was made. A biopsy of the lesion was undertaken which confirmed the presumptive diagnosis. His postoperative period was uneventful. Chemoprophylaxis was instituted for a two-year duration in the form of alendronate. Immediate weight-bearing was allowed postoperatively. After three months, his extension lag and flexure contracture had resolved. At one year postoperatively, his radiographs revealed mild degenerative changes, but he reported no knee pain. At two years postoperatively, he continued to be asymptomatic. Radiographs done during that visit revealed incorporation of the subchondral bone with no evidence of recurrence (Fig. 6 ).
DISCUSSION
Giant cell tumours of bone were first described by Cooper and Travers in 1818, and the term was subsequently coined by Bloodgood in 1923 (6) . They are also referred to as osteoclastomas, a terminology popularized by Schwajowicz. Osteoclastomas are most commonly seen in the third to fifth decades of life with a slight female predilection (1). They occur most commonly in the distal femur and proximal tibia, as in the index case, accounting for over 50% of cases (7) . The distal radius is the next most common site, accounting for approximately 10% of cases (1) .
A GCT is a locally aggressive tumour with the potential to metastasize to the lungs, which occurs in about 1-4 % of cases (7, 8) . Histologically, it is characterized by the presence of neoplastic mononuclear stromal cells, mononuclear histiocytes and multinucleated giant cells (9) . The giant cells are responsible for the osteolytic activity of the tumour through the action of Cathepsin K. These giant cells are recruited by the neoplastic mononuclear cells through the expression of nuclear factor kappa-B ligand (9) .
The relatively early age of presentation, geographic epimetaphyseal location of these tumours and the osteolysis produced by the giant cells present unique challenges to the orthopaedic surgeon. In the management of a GCT of bone, the surgical decision is based on the risk of recurrence, the morbidity associated with extensive procedures, the feasibility and the effect of joint-preserving procedures on the articular surface (2) . Management options range from joint-preserving option of curettage with or without adjuncts (ie extended curettage) to the more radical procedure of en bloc resection with reconstruction. Radiotherapy is another treatment option that is reserved for unresectable tumours. The utilization of systemic adjuvant therapy to decrease the recurrence rate has also been advocated ranging from bisphosphonates to targeted therapy.
Definitive surgery was undertaken six weeks later utilizing the Sandwich technique. A bone window was created, and extended curettage with high-speed burr and PMMA applied for both its adjuvant property and structural support. An insulating area was then created using oxidized cellulose and subchondral cancellous allograft placed after the bone cement had completed polymerization. An L-Buttress plate was utilized laterally for stabilization (Fig. 5) . Curettage may be done in isolation or combined with adjuncts, with or without bone fillers. In their study, Hirn et al demonstrated that cavities less than 60 cm 3 in volume or 5 cm in diameter demonstrated satisfactory healing without bone fillers, whereas those greater than 5 cm were at an increased risk of pathological fractures (7). Curettage offers a joint-preserving option but tends to have a greater risk of local recurrence in comparison to en bloc resection (10) . Earlier studies even suggested that there was an increased risk of local recurrence with curettage in the presence of a pathological fracture (11) . However, this has not been confirmed by more recent studies (12) (13) (14) . Recurrences are most common within the first two years post-curettage and are decreased by the utilization of adjuncts, ie extended curettage (15) . Extended curettage combines the mechanical effect of curettage with a chemical adjunct to extend the kill zone.
The adjuncts include phenol, liquid nitrogen and bone cement/PMMA, which is the most widely used adjunct either in combination or in isolation. Polymethyl methacryllate is formed by an exothermic reaction and induces thermal tumour necrosis and also hypoxic tumour necrosis induced by its monomer (16). Balke et al showed that statistically the use of bone cement significantly decreased the recurrence rate by a factor of eight when compared to high-speed burring used in isolation (13) . When compared to other bone fillers, it decreased the recurrence by over 50% (7) .
Polymethyl methacryllate offers other benefits, such as providing a contrast on radiographs of the bonecement interface, which allows for early detection of recurrence (17) . When used as an adjunct, it also provides structural support and allows for immediate weight-bearing (3). Despite its benefits, there are still concerns and contrasting reports about the effect of bone cement when used in close proximity to the articular cartilage (18) . In their 20-year retrospective study of 53 patients with a median follow-up of 86 months, Van der Heijden et al found a 17% radiographic incidence of Kellgren and Lawrence (KL) grade 3 or 4 osteoarthritis (19) . However, the functional outcome and quality of life did not differ from those with KL grade 0-2. This represented an intermediate outcome study and required longer follow-up (19) .
In their experimental study, Radev et al found that a minimum subchondral bone thickness of 2 mm was necessary to prevent articular damage induced by PMMA (20) . To mitigate against the potential harmful effects of PMMA on the articular cartilage, the Sandwich technique may be employed. It involves the use of an insulating layer to protect against the thermal effect of PMMA and the addition of bone graft beneath the subchondral layer to improve bone stock. Thus, this facilitates the use of PMMA to achieve extended curettage by its thermal effect and hypoxic effect of its monomer while the articular cartilage degradation and subsequent sequelae are protected against. In their review of 36 cases using the Sandwich technique, Saibaba et al reported a very low recurrence rate of 2.8% and a good functional outcome of 92.3% of their patients at a single institution (5) . In their practice and utilization of the Sandwich technique, two adjuvants in the form of bone cement and phenol were utilized. Saibaba et al emphasized the importance of adequate exposure via a bone window and the importance of highspeed curettage and elimination of bony ridges. The importance of recognition and maintenance of the posterior periosteum to avoid spillage or escape of adjuvants and the potential complications were also highlighted. Unlike the index case, Saibaba et al did not use screw fixation because of the future hope of removing the PMMA and filling the defect with bone graft (5) . In their prospective study of 26 patients with a GCT of the knee, Kundu et al found a recurrence rate of 8.3% and good functional outcome with a mean arc of motion between 123.52 ± 10.21 degrees (21). However, the mean followup was short, ranging from 2 to 6.5 years.
The Sandwich technique for management of the knee offers a joint-preserving option, allowing for the utilization of PMMA for both its adjuvant and structural property while attempting to mitigate the potential harmful effects of PMMA used in close proximity to the articular surface. The intermediate outcome follow-up has been promising, but long-term follow-up is required.
